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1 Introduction VLBI Exploration of Radio Astrometry (VERA), approved to start its construction in 2000, is a new Japanese VLBI array of 20m antennas dedicated for VLBI astrometry. VERA aims at astrometry of Galactic maser sources based on the dierential VLBI technique, in which t w o nearby sources are observed simultaneously to remove the atmospheric uctuation. A position accuracy of 100 arcsec has been already acheived by switching dierential VLBI in which an object and a reference are observed by turns (e.g., Lestrade et al. 1999) , but the atmospheric uctuation is not completely suppressed because of the time lag between observations of an object and a reference. In order to obtain a higher position accuracy, one needs to observe an object and a reference source at the same time. VERA, with its dual beam antenna system, enables us to observe a Galactic maser and extra-galactic reference sources simultaneously. With such a system, positions of maser sources relative to reference sources can be measured with 10 arcsec level accuracy, allowing us to obtain parallaxes of maser sources in the whole Galaxy.
To remove the atomspheric uctuation eectively, a reference source must be suciently close to the maser source for which one intends to measure the parallax and proper motion. In order for VERA to acheive a 1 0 arcsec level accuracy, it is required that a maser and reference source must be located within 2 from each other. This requires a large number of reference sources spreading over the whole sky area. Currently, there exist several catalogs that contain hundreds of continuum sources detected with VLBI (e.g., Preseton et al.1985; Morabito et al.1986; Johnston et al.1995; Ma et al.1998; Peck & Beasley 1998) . In total, more than 2000 VLBI sources are known. However, the number of VLBI sources is considerablly smaller in the Galactic plane than that in the o-plane region. This is because several surveys of VLBI sources were conducted in the o-pane regions: for example, the VLBI survey by Preston et al.(1985) are for jbj 10 , and the VLBA calibrator catalog by Peck & Beasley (1998) are mainly based on the Jodrell Bank-VLA Astrometric Survey (Patnaik et al.1992; Browne et al.1998; Wilkinson et al.1998) , which are conducted at jbj 2:5 . On the other hand, H 2 O and SiO masers, which are the main targets of VERA, are mostly concetrated to the Galactic plane because they are emitted from Galactic star forming regions and Mira-type variable stars: for example, about 40% of H 2 O maser sources listed in Palagi et al.(1992) are located within b = 65 . Therefore, a large number of VLBI sources are necessary as phase and position reference for VERA, and hence search for VLBI sources in the Galactic plane is indispensable to VERA.
Appart from the necessity for VERA, a search for VLBI sources in the Galactic plane has signicant scientic merits. First, many of the continuum radio sources are likely to be radio galaxies and QSOs, and so a search for radio sources in the Galactic plane will provide a basis for studying the distribution of galaxies and large scale structures behind the Milky Way. Second, a search for VLBI sources in the Galactic plane may lead us to discoveries of new Galactic VLBI sources like X-ray binaries or are stars which are of signicant interest in stellar physics and high energy astrophysics. Third, the radio sources can be used to study the cold interstellar matter in the Galaxy by observing the absorption line systems toward them, and also can be used to investigate the ionized interstellar matter by e v aluating the interstellar scintilation eect on these sources. Hence, a search for radio sources in the Galactic plane is useful not only for VERA, but also for a number of interesting studies in astronomy and astrophysics. For these reasons, we have performed a survey of continuum radio sources in the Galactic plane using the Japanese 2 VLBI Network (J-Net) at 22GHz, and here we report on the results. In order to nd VLBI sources eectively, VLBI source candidates were selected from existing radio surveys. The source candidates in the northern sky ( 0 ) were selected from the single-dish sky survey made at Green Bank (Becker et al.1991, hereafter Green Bank survey) and the low resolution interferometer survey made with the Texas interferometer (Douglas et al.1996 , hereafter Texas survey). The northern VLBI source candidates were selected under the following selection criteria: 1) sources that are listed both in Greeb Bank survey and Texas survey, 2) sources that are located between b = 65 , 3) sources that have an expected ux at 22 GHz larger than 100 mJy (calculated from ux at 5GHz in Green Bank survey and ux at 0.3GHz in Texas survey, and 4) sources that are not classied as an extended source in the Green Bank survey. The last condition was introduced because highly extended sources are likely to be resolved out when observed with VLBI. The number of VLBI source candidates selected under these criteria is 198.
To examine whether the sources selected under such criteria are likely to be VLBI sources, we applied the criteria 1), 3) and 4) to the radio sources located at b 30 , where a large number of VLBI sources have been already cataloged in ICRF catalog and VLBA calibrator sources. We conrmed that more than 40% of sources which are at b 30 and satisfy the criteria 1), 3) and 4) are indeed known VLBI sources listed in ICRF catalog or VLBA calibrator catalog.
Since part of the southern sky is also observable with J-Net and VERA, VLBI source candidates were also selected in the southern Galactic plane. Similar to the northern sample, the southern sample sources were selected based on the following criteria: 1) sources that are listed both in Parkes-MIT-NRAO survey (Grith et al.1994; 1995, here-after PMN survey) . T able 1 lists the 284 VLBI source candidates with positions taken from Texas survey. As discussed later, some of the sources in table 1 are already know as VLBI sources. Nevertheless, they were included in the source list and observed with J-Net because measurements of their correlated ux density at 22 GHz are necessary for VERA.
3
Observation and Data Reduction
The observation was carried out at 22 GHz during 99 Oct 7 -11 (100 hours in total) with J-Net, a Japanese VLBI network which consists of four radio telescopes; Nobeyama 45m, Kashima 34m, Mizusawa 10m and Kagoshima 6m. Since the main purpose of this observation is to detect as many sources as possible, integration time was set to be quite short, typically 5 minutes. This integration time is longer than the typical timescale of coherence loss limit, and thus sucient for fringe search. In order not to miss some detections due to bad weather or system trouble, most of sources were observed twice or more. Strong H 2 O maser sources, which were used to check the system performance and to calibrate the ux of continuum sources, were also observed approximately every two hours with an integration time of 5 minutes. Known VLBI sources are also observed frequently to correct for the clock oset in hydrogen-maser frequency standards at each station. Signals were sampled at the rate of 32210 6 sample per second with 2-bit quantization, and recorded at the rate of 128 Mbps using the VSOP terminal with two baseband channels of 16 MHz bandwidth. To a void detecting H 2 O masers at the band edge, the frequency coverages of the two c hannels were set to overlap slightly, covering from 22.220 GHz to 22.250 GHz in total. The correlation process was carried out with the Mitaka F X correlator (Chikada et al. 1991 ) located at NAOJ Mitaka campus, and fringe search was made using Global Fringe Search (GFS) procedure. Fringe search w as mainly done for the Nobeyama-Kashima baseline, which has the shortest basline and highest sensitivity among six of J-Net baselines, and other baselines were used supplmentally, in particular for position measuments (see section 4.3). 4 Results
Fringe Detection
Out of 284 sources listed in table 1, we observed 267 sources, including 51 previosulyknown VLBI sources that are listed in any of ICRF catalog (Ma et al.1998) , VLBA calibrator catalog (Peck & Beasley 1998) or 2 GHz VLBI survey (Preston et al.1985; Morabito et al.1986 ). Out of 267 observed sources, 93 sources were detected with Nobeyama-Kashima baseline at the S/N ratio larger than 5. The S/N ratios for Nobeyama-Kashima baseline are listed in table 1. The total detection rate of the sources listed in table 1 is about 35 % (=93/267). This relatively high detection rate suggests that the simple selection criteria described in section 1 work quite eectively as selecrtion criteria for VLBI sources. Hence, such selection criteria may be useful for further search for compact sources at any Galactic latitude.
Among 93 sources detected in the present study, 42 were known VLBI sources. The number of observed known VLBI sources was 51, and thus the 22 GHz detection rate of known VLBI sources is 82%. Note that these known VLBI sources were mostly discovered at relatively low frequency, t ypically from 2 to 8 GHz. The high detection rate in this study indicates that many of sources detected at relatively low frequencey are also detectable at 22GHz. Therefore, one can expect that many of known VLBI sources detected at 2 to 8 GHz are usable as reference sources for VERA.
As for the remaining 51 detected sources, detections were not reported in any literatures. Thus, as far as we know, these 51 sources were detected with VLBI for the rst time. Figure , except that the number of non-detections is slightly higher at the Galactic center region than that in the other regions. There are two possible reasons for this: 1) maximum elevations of the sources at the Galactic center region are quite low, and thus relatively high system noise temperature makes it dicult to detect them; and 2) since star formation activety is signicantly high near the Galactic center, many of the undetected sources at the Galactic center region may be compact HII regions that are resolved out with VLBI.
Flux Measurement
For 93 detected sources, we obtained the correlated ux density for the NobeyamaKashima baseline. The correlated ux density were calculated using the following relation;
(1)
Here is the correlation cocient, T sys is the system noise temperature, A is the apparture of the antenna, e is the antenna eciency, k is the Boltzman constant, and c is the sampling eciency which equals to 0.88 for the 2-bit sampling mode. The anntena appartures of Nobeyama and Kashima station are 1590 m 2 (45m) and 908 m 2 (34m), and the apparture eciencies are 0:60 and 0:57, respectively. The correlation cocient was calculated with GFS procedure by integrating the observational data within coherence loss limit. Typical timescale of the coherence loss was found to be 120 seconds. The system noise temperature T sys was monitored roughly every two hours at both Kashima and Nobeyama station. To correct for the elevation dierences for each source, we converted the T sys into the sky temperature at the zenith, T sky;0 , which relates to T sys through the following equation,
where T RX is the receiver noise temperature and z is the zenith distance. The receiver temperature at the Kashima station was 240K with its variation of 2% during the observational period. The receiver temperature at Nobeyama station was estimated to be 100K from the T sys dependence on the secz, and assumed to be constant during the observation. The correlated ux densities for 93 sources were calculated from equation (1) and are listed in table 1. Since all detected sources have S/N ratio larger than 5, the error in ux density caused by correlation coecient measurement is less than 20%. However, the variation of atmospheric condition with timescale shorter than two hours (the timescale of T sy s measurement) is another cause for errors in ux density measurement, and thus the typical error of ux density in table 1 is not much less than 20%. Figure 2 shows the number distribution of correlated ux densities. As seen in gure 2, the number of sources increase logarithmatically with decreasing the ux density, as usually expected. Figure 2 also demonstrates that while bright sources are mostly detected with previous observations, many of faint sources are detected for the rst time by our observation.
Position measurement
Some of the sources we observed were detected with multiple baselines. For the sources which are detected with 3 or more independent baselines, we estimated the source position using the delay rate. The delay rate and the source position are related to each other through following equation:
weere c is the speed of light, U and V are physical baseline length projected onto the u-v plane, and the dot indicates the time derivative. The observable 1_ g is dened as the dierence between the expeceted geometric delay rate calculated from the given source position and the observed geometric delay rate. This dierence in the delay rate is caused by the position error 1x and 1y, which is dened as the dierence between the position of tracking center (position given in table 1) and the real source position. Note that 1x is measured in the direction of right ascension and 1y is measured in the direction of declination, as commonly done. The geometric delay rate dierence 1_ g as well as the time derivative of baseline components U and V were calculated with GFS procedure. In table 2, we list the positions for 21 sources that are detected with 3 or more baselines. Note that all of 21 sources are new VLBI sources except TXS0601+245, which w as detected by Morabito et al.(1986) , but accurate position was not reported. Because of short observation (typically 5 minutes for each source) and relatively short baselines (for example, Nobeyama-Kashima baseline is 197 km, and Nobeyama-Mizusawa baseline is 425 km), the positional accuracy is of 1 arcsec. As seen in table 2, the positions obtained with Texas survey (listed in table 1) are usually accurate within a few arcseconds, but there are some sources whose positions given by Texas survey have errors larger than 10 arcseconds. Thus, one has to be careful when one looks for an optical counterpart of Texas sources.
Discussion
As seen in previous sections, we have detected 93 of 267 Texas survey sources that are selected under simple criteria, and found 51 new VLBI sources in the Galactic plane. The total detection rate of 35%(=93/267) is quite high, and thus one can use the same criteria to search for more VLBI sources in the other sky area. Also, the 22 GHz detection rate of known VLBI sources that were previously detected at relatively low frequency (typically 28 GHz) are quite close to unity. This result indicates that most of numerous VLBI sources that were detected at 28 GHz (e.g., Preseton et al.1985; Morabito et al.1986; Johnston et al.1995; Ma et al.1998; Peck & Beasley 1998) are also detectable at 22 GHz. This can be explained by the fact that many of these VLBI sources are radio galaxies and QSOs whose spectrum is at or sometimes inverted at the frequency range of 2 22 GHz.
In order to use the radio sources detected in the present study (and also other sources) as reference for dierential VLBI, one has to know the nature of sources, particularly whether the source is a Galactic or extra-Galactic object. If the source is a Galactic object, then its parallax and proper motion are not negligbile, being unsuitable for position reference. The best way to know the source nature is optical-identication and spectroscopic measurement of source redshifts. Unfortunately however, optical counterparts and their redshifts are know for only few of sources in table 1. This is partly because positions obtained with single dish and low resolution inteferometer observations are not accurate enough for optical indentication.
The problem of position accuracy can be resolved by measuring its postion with VLBI at an accuracy of 1 arcsec or less. As described in section 4, accurate postions of 21 sources that were detected with 3 or more baselines are obtained in the present study. W e have found 7 possible optical counterparts in the Digital Sky Survey images, but redshifts are given for only 1 of them in the NASA Extragalactic Database. Thus, spectroscopic obseration of these optical counterparts are required to understand the source nature.
The fact that possible optical counterpars are found for about 1/3 of the sources with accurate positions is encouraging for further study of the nature of these radio sources in the Galactic plane. If deep observations are carried out at optical or infrared, one may be able to nd optical counterparts for a large number of VLBI sources in the Galactic plane, provided that accurate positions are available. Therefore, the next step to understand their nature is to measure source positions at 1 arcsec level, and this can be easily acheived using current VLBI thechnique.
6 Conclusion
We h a ve searched for new VLBI source in the Galactic plane using J-Net. We h a ve observed 267 sources that are selected from single dish and low resolution interferometer observations, and detected 93 sources including 51 sources that are detected with VLBI for the rst time. We have calculated the correlated ux for Nobeyama-Kashima baseline for all sources we detected, and also measured postions for 21 sources that are detected with 3 or more baselines using the delay rate. These VLBI sources are located within b = 65 of the Galactic plane, and there are a large number of maser sources around them within 2 . T h us, the sources detected in the present study are potential candidates for reference sources for phase-referencing VLBI astrometry with VERA. We are grateful to the NRO stas, especially Drs. S.Ukita, K.Sunada and N.Nakai, who kindly provided us the observation time of the 45m telescope as a part of their supports to the VERA project. 
